(1) The effects of the frequency and timing of multiple grazings (including faecal input) by captive goslings of the lesser snow goose on net above-ground primary production (NAPP) and shoot nitrogen content of swards of the forage grass, Puccinellia phryganodes were examined. The effects of clipping and addition of nitrogen on the growth in pots of individual tillers of this grass were also investigated in a factorial experiment designed to separate the effects of each treatment. The experimental design of both investigations was closely based on the foraging behaviour of wild geese on Puccinellia swards.
pendent on faecal input, the number and timing of the grazing events and the phenology of plant growth. The role of the herbivore in maintaining grazing lawns of Puccinellia is discussed.
INTRODUCTI ON
Plant growth responses to herbivory are plastic and vary with conditions experienced (Maschinski & Whitham 1989) . The type of response observed depends upon plant morphology and phenology, the amount of cropping, the length of the period of regrowth of swards between grazing events and the efficacy of nutrient cycling in the presence of the grazers. The necessity of a rapid return of available nutrients to the soil in faeces and urine, in order to maintain plant growth following defoliation, has been stressed by a number of authors (McKendrick et al. 1980; McNaughton 1983a,b; Ruess & McNaughton 1984 , 1987 Bazely & Jefferies 1985) . Positive feedback processes, such as the rapid recycling of nutrients, may result in increased net above-ground primary production (NAPP) compared to that of ungrazed swards (McNaughton 1979 (McNaughton , 1983a (McNaughton ,b, 1984 Cargill & Jefferies 1984; Hik & Jefferies 1990 ).
In their absence grazing leads to reduced NAPP. Studies of the effect of frequent grazing events on continuously growing swards indicate, at least in the case of Lolium perenne (rye grass), well supplied with water and nutrients, that growth begins to decline when the interval between grazing events is sufficiently long for canopy shading to reduce net photosynthesis of the sward (Grant et al. 1988; Parsons, Johnson & Harvey 1988) . The general applicability of these results to other forage plants which have different growth patterns, or are growing where water and nutrients are limiting, is uncertain at this stage. Even where net photosynthetic rates of individual leaves are high, nutrient unavailability may still restrict growth of swards.
The latter situation appears to describe the growth of swards of the prostrate, stoloniferous salt-marsh grass Puccinellia phryganodes, which is grazed by lesser snow geese Chen caerulescens caerulescens L. in marshes on the west coast of Hudson Bay, Canada. Development of new leaves and axillary shoots is continuous throughout the growing season (Bazely & Jefferies 1989a) , the leaf-area index is less than 1 (Bazely 1984) and faecal input from the geese is necessary to maintain growth within the season (Cargill & Jefferies 1984; Bazely & Jefferies 1985) . However, the extent to which the growth and nutritional quality of the forage and an increase in NAPP are dependent on multiple croppings and frequent addition of faeces is unknown. This foraging pattern characterizes the feeding behaviour of wild snow geese, and this study examines the effects of multiple grazings by captive goslings and their associated faecal inputs on NAPP and the nitrogen content of Puccinellia swards. The number and frequency of grazing events that produce maximum seasonal increases in NAPP and forage high in nitrogen were determined. Because the effects of defoliation and addition of nutrients are confounded in this experiment, the effects of clipping or nitrogen supplements, or both, on the growth of tillers of Puccinellia have been examined in a separate factorial experiment conducted in an experimental garden. The clipping regime mimicked seasonal changes in the leaf demography of grazed shoots of Puccinellia (Bazely & Jefferies 1989a) . The results are discussed in relation to the ecological implications of the interactions between the geese and salt-marsh vegetation in maintaining grazing lawns.
METHODS

Study site
Over 8000 pairs of lesser snow geese breed each summer in the coastal marshes of La Perouse Bay, Manitoba, Canada (58?04'N, 94?03'W) , on the west coast of Hudson Bay. Following the hatching of goslings in late June or early July, adults and goslings forage intensively on vegetation of the salt-marshes, dominated by Puccinellia phryganodes (Trin.) Scribn. and Merr. and Carex subspathacea Wormsk. (Jefferies 1988a,b) . The intertidal grazing lawn is about 25 cm high or less. There are over 4000 shoots m-2. The geese begin their autumn migration by the second week of August.
Experimental garden at La Perouse Bay Field Station
In June 1985, a turf of Puccinellia (50 cm x 50 cm x 10 cm) was collected from an exclosure erected in 1982. Two-hundred rooted tillers, each about 2 cm in length, were selected at random from the turf. The tillers were taken from a single turf to minimize genetic variation between individuals. Growth is strongly clonal, and the grass does not set seed (Jefferies & Gottlieb 1983) . A single tiller was planted in each of 200 pots (10 cm in diameter) in a mixture of fine gravel and sediment taken from the collection site. After 10 days tillers were randomly selected for each of four treatments. The treatments were: (i) clipping without fertilization (+C/-N), (ii) clipping and fertilization (+C/+N), (iii) fertilization without clipping (-C/+N), and (iv) no fertilization or clipping (-C/-N). Fertilization consisted of weekly applications of 50ml of 3mm ammonium nitrate solution to each pot. Water was added to the pots as required.
Leaves were individually marked with dots of Indian ink at the start of the experiment (17 June) and when new leaves appeared. The numbers of live and dead leaves and axillary shoots, and the lengths of main and axillary shoots were recorded on each sampling date. The clipping sequence used closely followed that reported for the grazing of Puccinellia swards by wild lesser snow geese (Bazely & Jefferies 1989a ). Leaves were fully expanded when clipped or removed. Demographic evidence indicated that the average age of a leaf when grazed was 13-17 days (i.e. fully expanded) (Bazely & Jefferies 1989a ). On 17 June, depending on the number of leaves on a tiller, the first (oldest) live leaf on a tiller was left intact, the second and third were clipped (half of each leaf was removed), the fourth leaf was completely removed, and the fifth was clipped. Nail scissors were used to clip individual leaves that were between 0-5 and 1 cm in length. This sequence was completed as new leaves appeared and then repeated. Clipping was done at approximately 12-day intervals on 17 and 27 June, 9 and 21 July and 3 August. Plant material clipped on each sampling date and above-ground biomass at the conclusion of the experiment were dried at 80?C and weigh in order to determine the total above-ground production of tillers.
One-way analysis of variance (ANOVA) was used to determine treatment effects. Sheff6 tests (Sokal & Rohlf 1981) indicated which treatment means were significantly different. Logarithmic or square-root transformations were used when variance was heteroscedastic (Cochran's C-test; Nei et al. 1975) . A one-way ANOVA indicated that net numbers of live leaves per shoot at the beginning of the experiment were significantly different among treatments (P < 0.05). Therefore, analyses of leaf births and deaths and net numbers of live leaves per main shoot at the end of the experiment were done using initial numbers of live leaves as the covariate.
Experimental grazing
The use of captive goslings in grazing experiments has been described by Hik & Jefferies (1990) . Goslings grazed plots (1 1 m x 1 1 m) of a Puccinellia sward. Four replicate plots for each of ten grazing treatments were established in late June in a randomized block design (Table 1) . Plots were exclosed with chicken wire to prevent any grazing by wild geese. On the morning of a grazing event, goslings were taken to the grazing site and allowed to acclimatize to the vegetation in holding pens for 1 h. They were randomly assigned to a plot and allowed to graze for a specific period. This process was repeated until all plots had been grazed. Fresh water was provided during grazing.
An interval between successive defoliations of 12 days (Table 1) was chosen because shoots of Puccinellia in both grazed and ungrazed sites produced a new leaf once every 11 days and the average age of a leaf when grazed was 13-17 days (Bazely & Jefferies 1989a ). The number of goslings plot-' and the period of grazing were adjusted over the season as the goslings increased in weight and their rate of intake of vegetation increased, in order to achieve the removal of approximately 25% of above-ground biomass during each grazing event. Faeces were counted and remained in plots at the end of each grazing episode. The number of defoliation events ranged from none to six at intervals of approximately 12 days for the first seven treatments. Plots of Puccinellia were grazed first in early July and in those plots that were grazed on six occasions, the final defoliation occurred in early September approximately 3 weeks after the geese had started their autumn migration. Once the required number of grazing events had been completed the plots remained ungrazed for the remainder of the season. In the eighth treatment grazing did not occur until mid-August at the time of migration. Birds grazed these plots on 13 and 23 August and 3 September. Under natural conditions vegetation is not grazed by snow geese late in the season (from mid-August until the ground is frozen in late September or early October), so the results of this treatment allowed assessment of the ability of swards to regrow when defoliations are confined to late summer. In the final two treatments (ninth and tenth) plots were grazed at intervals of approximately 24 days on either two (6 July and 3 August) or three (6 July and 3 and 23 August) occasions. These treatments were included in order to examine the consequences of relaxing the frequency of cropping from that based on demographic data. The final sampling date during the growing season of 1987 was 3 September. Standing crop was measured in all plots again on 15 October and 23 July 1988 in order to determine the effect of each grazing treatment on growth during the second season. The plots remained exclosed throughout this period.
Sampling and data analyses
Above-ground biomass was sampled by removing a 7 5-cm x 7.5-cm turf from each plot at random before grazing, and after grazing if the plots were grazed. The above-ground biomass was removed by clipping at ground level. Approximately 90% of the biomass was live, so dead material was not removed before biomass or nitrogen determinations. Dead leaves were leaves that had been produced and died within the season. They remained attached to the main and axillary shoot systems, and were therefore included in estimates of NAPP. The plant material was washed, dried at 60?C for 48h and weighed. NAPP for each treatment was calculated as the difference in above-ground biomass between consecutive harvests and positive increments were summed to obtain cumulative NAPP for the season.
Fresh faeces were collected from the holding pens adjacent to the experimental plots for determination of their dry weight and carbon and nitrogen contents. Determinations of amounts of carbon and nitrogen present in dried faeces and plant tissue were made using an autoanalyser (LECO series 600 CHN). All material was ground in a 20-mesh-size Wiley Mill before combustion.
Analysis of variance based on a repeated-measures design was used to analyse effects of the grazing treatments across time (Keppel 1982 ; the SYSTAT statistical package, Wilkinson 1988 ). The repeated-measures factor is harvest time, and the independent factor grazing treatment. The between-subject and within-subject differences that account for the sources of variance are reflected in the degrees of freedom of the error terms. On a single harvest date, one-way ANOVA was used to analyse the results. These tests allow us to examine significant treatment effects that were not manifest until near the end of the experiment, and thus may not be detected by relatively low-power repeated-measures tests (Mead 1988) . All data passed Bartlett's test for homogeneity of group variance. Multiple-range tests with overall comparison rate maintained at P < 0-05 using the Bonferroni procedure indicated which treatment means were significantly different. In the text all values shown are means (?-' 1 S.E.), except where otherwise indicated.
RESULTS
Effects of clipping and fertilization on leaf and shoot demography of Puccinellia tillers
The results of the garden experiment indicate that leaf clipping has a deleterious effect on plant growth, but that fertilization can ameliorate this effect. Values for all demographic characters were lowest for tillers that were clipped but not fertilized and greatest for tillers that were fertlized but not clipped (Table 2) . Differences between treatments were particularly evident for axillary shoot length, axillary shoot births per main shoot and leaf births on axillary shoots. Tillers that were not clipped or fertilized and tillers that were clipped and fertilized were intermediate in performance (Table 2) . At the end of the experiment there were significant differences between treatments for all shoot and leaf demographic characters (oneway ANOVA; P < 005).
The development of new axillary shoots rather than new leaves produced by the main shoot accounted for most of the increase in above-ground biomass during the course of the experiment. The mean cumulative number of axillary shoot births per main shoot and the mean cumulative numbers of leaf births and deaths per main shoot showed only small differences between treatments on the two sample dates in June. However, these differences became larger as the season progressed.
Comparison of the dry weight of above-ground biomass at the conclusion of the experiment also indicated that clipping in the absence of fertilization led to a de- crease in production ( Table 2 ). The mean dry weight of +C/-N tillers (including the weight of leaves clipped or removed during the season) was 206 mg. Weights of above-ground biomass for the other treatments were four to nine times as large.
Effects of grazing by goslings on above-ground biomass of Puccinellia
The average initial amount of above-ground biomass of Puccinellia present in all plots at the beginning of the experiment (6 July) after grazing was 54 6 ? 3 5 g dry wt m-2 (Fig. 1) . By the end of the summer (3 September) the mean above-ground standing crop in plots which received one of the seven treatments based on the 12-day grazing schedule varied greatly (116.5, 119 3, 111-2, 103-1, 82-7, 58-8 and 61 6g dry wt m-2 for ungrazed swards and for those grazed on one, two, three, four, five and six occasions, respectively). Above-ground biomass increased rapidly after grazing was stopped in all treatments (Fig. la) . For plots grazed late in the season the mean above-ground standing crop on 3 September was 78-9 g dry wt m-2. Values for plots grazed at 24-day intervals were somewhat higher (Fig. lb) .
Amounts of above-ground biomass of plots in July 1988 showed that multiple grazing events throughout the entire season resulted in a low standing crop the following summer, particularly in plots that were grazed late in the season. In July 1988 the largest amounts of above-ground biomass were in control plots, in plots grazed on one, two, or three occasions at intervals of 12 days and in plots grazed at intervals of 24 days (Fig. 1) .
Changes in NAPP of swards of Puccinellia in response to grazing Net above-ground primary production (NAPP) of plots of grazed Puccinellia was influenced by the number, frequency and timing of grazing events during the season (Table 3 ). There were significant differences in total cumulative NAPP between grazing treatments and the ungrazed control at the end of the summer (oneway ANOVA; F9,30 = 2-71, P < 0.02). When Puccinellia swards were grazed on three or four occasions at 12-day intervals, on three occasions at 24-day intervals and late in the season, cumulative NAPP was significantly higher than corresponding values for ungrazed plots (multiple-range tests; P < 0-006; Table 3 ).
Analysis of cumulative NAPP during the summer of 1987 by a repeated-measures ANOVA indicated significant increases over this period (P < 0.001); however, the effect of grazing treatment was not significant. Repeated-measures tests have relatively low power, particularly when significant treatment effects are apparent only at the end of a long period of measurement (Mead 1988) . Therefore, only the values of NAPP at the beginning of the summer (18 July) and at the end of the summer when significant differences in NAPP between treatments were apparent (23 August and 3 September) were considered, and cumulative NAPP was reanalysed. The results of a repeated-measures ANOVA on this subset of the data indicate significant treatment effects (F9,30 = 2 36, P < 0.038), season effects (F2,60 = 1090 40, P < 0.001), and a non-significant interaction between season and grazing treatment.
Estimates of NAPP in the summer of 1988 were based on the difference in aboveground biomass between 15 October 1987 and 23 July 1988. These values for NAPP take into account declines in above-ground biomass after 'freeze-up' in 1987. NAPP in 1988 was less in plots which were either grazed until the end of the previous summer or grazed only late in the season (Table 3) . Estimates of total NAPP over the entire period indicate that in plots grazed at intervals of 12 days until late summer NAPP was reduced compared to that of ungrazed plots (Table 3) . Grazing on three occasions at intervals of 12 days resulted in the highest total NAPP. Amounts of biomass consumed by goslings during grazing trials Amount of biomass consumed by the goslings during each grazing event were calculated by subtracting the amount of biomass immediately following grazing from the amount of biomass present before grazing. The amount of biomass consumed averaged 14.2 + 1.0 g dry wt m-2 during each grazing event (about 25% of aboveground biomass). The amount of biomass consumed in the plots grazed only late in the season, when the initial amount of biomass was higher, averaged 210g dry wtm-2; however, the percentage of biomass removed was still approximately 25%.
The percentage of the total NAPP consumed by the goslings during the experiments increased with the number of grazing events, from 14.7% in the plots grazed twice during the summer, to 76.1% and 78.9%, respectively, in the plots grazed five or six times at intervals of 12 days. The percentages of total NAPP consumed by the goslings which grazed plots late in the season and on two or three occasions at intervals of 24 days were 67-4%, 13*3% and 41*7%, respectively. Biomass consumed by the goslings during the first grazing event (6 July) is not included in the estimate of the percentage of the total NAPP consumed, because measurements of standing crop only began on this date.
Amounts of nitrogen and carbon in the above-ground biomass of Puccinellia
The amount of nitrogen in the above-ground biomass as a percentage of the dry weight was initially (6 July) about 2.7% for all treatments, but decreased to approximately 1.75% in the ungrazed plots by the beginning of September (Fig. 2) . In the plots grazed at intervals of 12 days the amount of nitrogen as a percentage of the dry weight did not decrease significantly over the course of the season, but remained above 2*3%, even in September. Values for plots grazed at intervals of 24 days were less than values for plots grazed at intervals of 12 days. One-way ANOVA at each sample time indicated that after the third grazing event (3 August) amounts of nitrogen in shoots from plots grazed three, four, five and six times at intervals of 12 days were significantly higher than the corresponding amounts of nitrogen in shoots from ungrazed plots (multiple-range tests; P < 0.006). Comparison of the treatments by repeated-measures ANOVA indicated significant seasonal effects (F5,50 = 27 653, P < 0001). The effects of treatment and interaction were not significant. Nitrogen amounts the following summer (23 July 1988) were similar in all experimental plots, including those that had not been grazed (2.3 + 02%). However, these values were significantly less than corresponding amounts of nitrogen in adjacent swards that were grazed continuously by wild geese during the summer of 1988 (2.9 + 0*1%) (Fig. 2) (multiple comparison following one-way ANOVA; F1,11 = 8-351,
The amount of carbon as a percentage of the dry weight averaged approximately 44% for all treatments, including the ungrazed control, and for all harvests in July, August and September 1987. In July 1988 the amounts of carbon averaged 43 + 0.3% and were similar for all grazing treatments, including swards grazed by wild geese during 1988.
Nitrogen accumulated in above-ground biomass of Puccinellia during 1987
The amount of nitrogen accumulated in the above-ground biomass during the summer of 1987 was calculated by multiplying successive increments of biomass between harvests for each grazing treatment by the amount of nitrogen in the shoots as a percentage of the dry weight during this period (Fig. 3) . The amount of nitrogen is determined for total above-ground biomass and not just the leaves, so these estimates are average values of the net accumulation of nitrogen in above-ground biomass. Although multiplication of mean values, each with their own variance estimate, results in cumulative error, the trends reveal large differences in nitrogen accumulated between the different grazing treatments.
The net amount of nitrogen accumulated in the above-ground biomass was similar for all grazing treatments up to 13 August. Thereafter, the nitrogen deposited in ungrazed vegetation was less than for Puccinellia plots which were grazed on three, four and five occasions at intervals of 12 days. Large differences in the amounts of nitrogen in the biomass of ungrazed and grazed plots were evident by 23 August. Plots grazed late in the season and at intervals of 24 days accumulated larger amounts of nitrogen than amounts in ungrazed plots.
Input of nitrogen from faeces as a source of the nitrogen deposited in shoots
There is a positive linear relationship between the number of grazing events and the amount of nitrogen deposited as faeces on grazed plots (Table 4) . These values range from 127 mg N m-2 in plots grazed only once, to 823 mg N m-2 for plots grazed on six occasions at intervals of 12 days.
The proportion of nitrogen from faeces contributed to the cumulative aboveground biomass during the summer of 1987 was estimated as follows. Amounts of faecal nitrogen are expressed as a percentage of the nitrogen accumulated in NAPP assuming complete mineralization and no volatilization (gross accumulation; Table  3 ). These values range from 7% to 38%. When the amount of nitrogen incorporated into the above-ground biomass of the ungrazed plots is subtracted from the amounts of nitrogen incorporated in the grazed swards, faecal nitrogen may be expressed as a percentage of this difference ('net accumulation'). These results show that faecal nitrogen accounted for 40-100% of shoot nitrogen for the 12-day grazing schedule and approximately 50% of shoot nitrogen in plots which were grazed late in the season and at intervals of 24 days (Table 4) . Net amounts of less than 100% indicate that faecal nitrogen was insufficient to account for nitrogen accumulated in NAPP of grazed swards. 1  127  7  40  2  262  15  77  3  468  22  69  4  605  28  82  5  714  36  100  6  823  38  100  Late-season schedule  3  338  16  48  24-day schedule  2  255  13  57  3  377 18 45
DISCUSSION
The effect of successive defoliations on growth depends not only on the number and length of time between each defoliation but also on the stage the plants have reached in the seasonal growth cycle. In addition, the period over which the responses of the plants to defoliation are measured influences the scale at which effects will be apparent (Brown & Allen 1989) . Maschinski & Whitham (1989) reported that plants of Ipomopsis arizonica exhibit a continuum of positive to negative growth responses depending on the timing of defoliation relative to the phenology of plant growth and the availability of nutrients. Previously we have reported the same continuum of responses for grazed Puccinellia swards (Hik & Jefferies 1990 ). In the present study both the number of grazing events and the timing of these events were manipulated. Both factors appear to influence the regrowth of Puccinellia swards. The significance of the experimental design in both the garden and grazing experiments is the attempt to simulate the grazing patterns of wild herbivores. This is preferable to treating all leaves similarly, because snow geese are selective grazers and rarely damage the entire shoot.
The results of the garden experiment indicate that clipping of leaves of Puccinellia is not a mechanism by which the NAPP of Puccinellia is increased. All of the values for the different demographic characters were low when plants of Puccinellia were clipped and not fertilized. Clipping did not stimulate leaf or axillary shoot production, both of which result in increased NAPP in swards grazed by wild geese (Bazely & Jefferies 1989a ). In contrast, nitrogen addition facilitated leaf and axillary shoot production.
Regrowth and NAPP of Puccinellia swards subjected to an increasing number of grazing events at intervals of 12 days (treatments 1-6) throughout the growing season was high when grazing was not extended beyond the period of peak plant growth (mid to late July). However, the increased NAPP was broadly based in relation to both the number and frequency of grazing events. The seasonal cumulative NAPP of plots grazed on three occasions at intervals of 24 days was also high. This suggests that the increase is only loosely linked to the number and frequency of such events, provided that they occur before the end of the period of rapid accumulation of above-ground biomass. Previous studies indicated that a single grazing event early in the season was sufficient to produce an increase in cumulative NAPP above that of ungrazed swards when faeces remained in the plots (Hik & Jefferies 1990) . Although the relaxed grazing schedule at intervals of 24 days permitted the accumulation of high amounts of biomass, forage quality (as measured by the nitrogen content of plant tissues) was poor compared to swards grazed more frequently (Fig. 2) .
Nutrient cycling via goose faeces is essential to maintain the growth of the saltmarsh grazing swards at La Perouse Bay (Bazely & Jefferies 1985; Hik & Jefferies 1990 ). The input of faecal nitrogen contributes to the rapid regrowth of the vegetation, but faeces are not the source of all nitrogen taken up by plants (Table 4; Hik & Jefferies 1990 ). The source of the additional nitrogen is unknown, but nitrogen provided in faeces at this time may prime or activate microbial growth, and lead to an increase in the rate of net mineralization of nitrogen in sediments at a time when sediment temperatures are high (Bazely & Jefferies 1989b; Ruess, Hik & Jefferies 1989 ). An increase in the rate of net mineralization of nitrogen may be sufficient to sustain plant growth until late in the season. Thus, the addition of faecal nitro-gen directly and indirectly results in high amounts of nitrogen in forage as well as increased yield.
Although the consumption of NAPP may reach 90% or more (Cargill & Jefferies 1984; Jefferies 1988a) , and in this experiment it approached 80%, there are limits to the amount of biomass that can be removed from swards at any one time. Aside from the inability of herbivores to crop low vegetation, a shorter interval between successive grazing events than that applied in this experiment would have greatly reduced above-ground biomass and led to a decline in NAPP (g m-2), even though the relative growth rate (gg-1 week-) would have been sustained. It is significant that the standing crop in plots grazed at intervals of 12 days was maintained at about 50 g m-2, a value similar to that recorded for swards grazed by wild geese (Cargill & Jefferies 1984) . Swards with a low biomass can only support a small number of grazers, even when NAPP is greater than that of ungrazed swards (McNaughton 1984 (McNaughton , 1986 Westoby 1985; Hobbes & Swift 1988) . In contrast, animals will be unable to maintain growth or body weight if the interval between successive defoliations is too long.
The results of this study raise the perplexing question of why the geese leave the marsh in mid-August at a time when there is still abundant, high-quality forage? The answer is probably not related to the quality or availability of the forage, but rather with innate migration responses associated with decreasing photoperiod and migration tradition (Bellrose 1976; Baker 1978) . Also, as snow geese are relatively long-lived and the parent-offspring bond is maintained for 1 year (Prevett & McInnes 1980) , exploration of the flyway and staging areas once the goslings are able to fly may be important for subsequent survival.
The departure of the geese in early to mid-August provides a period of approximately 6 weeks for plants to recover from the effects of grazing before the weather deteriorates at the onset of winter. Regrowth of vegetation in late August may be essential for the plants to acquire sufficient nutrient and carbohydrate reserves to overwinter and to support growth the following season. It is well known that this period in late summer is important for the laying down of carbohydrate reserves in below-ground biomass in arctic graminoids (Billings & Mooney 1968; Johnson & Tieszen 1976; Ulrich & Gersper 1978; Archer & Tieszen 1980) . New leaves produced by Puccinellia in autumn do not survive long the following spring (Bazely & Jefferies 1989a ), but these leaves may be important in securing resources late in the season. Swards grazed in late August and early September would not have as long to store reserves before 'freeze-up' occurs. This may explain the lower standing crop measured in July 1988 for swards grazed late in the season in 1987 in spite of the high NAPP of these plots in 1987. Much of this NAPP, which occurred early in the season before defoliation, probably resulted from the mobilization of below-ground reserves.
The timing of grazing is important both within a growing season and between seasons. The capacity for regrowth of vegetation following defoliation depends on mechanisms that increase the relative availability of resources such as water, nutrients and light to plants, as well as on the growth form of the plant itself (Milchunas, Sala & Lauenroth 1988; Jefferies 1988a) . Grazed swards of Puccinellia need a period free of grazing at the end of the summer to acquire nutrient and carbohydrate reserves for the winter and the next growing season. Swards also require a period of intensive grazing earlier in the summer to 'reset' the successional sequence by removing the apical meristems of dicotyledonous species (Bazely & Jefferies 1986; Jefferies 1988a ).
The timing and extent of these grazing events significantly affects both NAPP and forage quality and the maintenance of Puccinellia grazing lawns.
